Abstract: A microstrip line-fed monopole antenna is proposed for super wideband (SWB) applications printed on an epoxy-resin-reinforced woven-glass material. The reported SWB antenna has been made of a rectangular partial ground plane with an L-type slit and a heart-shaped radiating patch. This antenna is connected precisely by a tapered feed line that provides SWB greater than ultrawideband. The heart-shaped radiating patch and the partial ground plane containing a gap and an L-type slit on ground plane also play paramount roles to procure wide impedance bandwidth. It is determined from measurements that this antenna contains SWB characteristic [voltage standing wave ratio (VSWR) ≤ 2] spanning from 1.30 to 40 GHz (187.41%), with a bandwidth dimension ratio (BDR) of 5544.66 and a ratio bandwidth of 30.77:1. Simple construction, sharp surface current flow, much impedance bandwidth, nearly omnidirectional radiation patterns, stable peak gain (2.20-6.06 dBi), time domain performance, and considerable BDR (5544.66) make it a promising candidate for SWB applications.
Introduction
Ultra-wideband (UWB) technology has recently been broadly applied in wireless communication systems, owing to the fascinating features, such as low spectral power density, low complexity, high precision range, low cost, extremely high data rates, and very low interferences. For the commercial applications of UWB technology, the Federal Communications Commission approved the announcement of 3.1-10.6 GHz frequency band [1] . Super wideband (SWB) belongs to all the advance features of UWB technology, but with higher time precision super resolution and more channel capacity in screening, communication, and ranging, respectively. The utilization and the research of SWB antennas have been rising sharply with the demand of the integration and miniaturization and the improvement of high-speed integrated circuits, owing to various merits such as high data rate, high salvation to multi path interference, large bandwidth, small emission power, remote sensing applications, and low cost for short-range access. Major differences are observed between UWB and SWB antennas. In the information warfare, SWB antenna plays an important role as a key component of electronic counterwork equipment, whereas UWB antenna is extensively applied in communication and impulse radar systems. UWB covers the frequency range from 3.1 to 10.6 GHz, with a ratio bandwidth of 3.4:1, whereas more than 8:1 or 10:1 is the ratio bandwidth of the SWB antenna. Nonetheless, to span both long-and short-range communications for pervasive services, the demand of SWB is increasing sharply to the existing users.
There are several methods and techniques with a view to achieving SWB frequency, which have been explained and reported. For example, a circular-shaped asymmetrical dipole antenna was presented by Barbarino and Consoli [2] a with band ratio of 21.9:1 and an electrical dimension of 0.24 λ × 0.38 λ. A monopole antenna was proposed for SWB applications, which cover from 0.77 to 20 GHz, including a 26:1 bandwidth ratio [3] . However, for integrating into portable devices, its 3-D structures make it difficult. An asymmetrical dipole antenna was stated for SWB applications, which cover 3.4-19 GHz with a fractional bandwidth of 139.30% [4] . A monopole antenna was proposed for SWB applications [5] . This antenna covers from 1.44 to 18.8 GHz. At lower frequencies (2-2.5 GHz), the input impedance is not matched properly, and the electrical dimension is 0.17 λ × 0.37 λ at 1.44 GHz. A SWB antenna of bandwidth ratio 32:1 was proposed with printed patch and tapered feed region [6] . The input impedance being mismatched at 18-19 GHz frequencies creates variant group delay, the antenna structure is too large, and the electrical dimension is 0.33 λ × 0.25 λ at lower frequency. A SWB antenna was presented by Azari [7] depending on an iterative octagon. This reported antenna attained an impedance bandwidth spanning from 10 to 50 GHz, which is not appropriate for UWB. A monopole antenna of compact disk was designed for future UWB applications where the operating bandwidth is 3:5-31:9 GHz with an electrical dimension of 0.35 λ × 0.41 λ at a lower frequency of 3.50 GHz [8] . This antenna exhibited a low bandwidth radio of 9.11:1 and a bandwidth dimension ratio (BDR) of 1122.70. A fractal SWB antenna of circular-hexagonal shape was stated, including a 20.4:1 bandwidth ratio spanning from an impedance bandwidth of 2.18-44.5 GHz [9] . An SWB antenna is presented with an asymmetric trapezoid ground plane and a modified rectangular monopole patch [10] . This antenna covers a bandwidth ranging from 1.05 to 32.7 GHz with a ratio bandwidth of 31:1 where the electrical dimension is 0.26 λ × 0.28 λ, which is a large size. An SWB antenna of one half-ellipse and one halfdisk shape was studied [11] with a ratio impedance bandwidth of more than 25:1 where the electrical dimension is 0.32 λ × 0.34 λ. A monopole SWB antenna was presented by Akbari et al. [12] using a trident-shaped feed line structure where the electrical dimension was 0.22 λ × 0.22 λ at a lower frequency of 2.76 GHz and the fractional bandwidth is 174%. A CPW-fed transparent antenna was presented for UWB applications with a bandwidth ratio of 10.16:1 and fractal bandwidth 164.15% where the electrical dimension is 0.31 λ × 0.46 λ at a lower frequency of 3.10 GHz [13] . A semicircular patch antenna is presented with a fractional impedance bandwidth of 175.58% and a band ratio of 15.3:1 where the electrical dimension is 0.18 λ × 0.22 λ at 1.3 GHz lower frequency [14] . A CPW-fed monopole antenna is proposed by Chao et al. [15] , which achieves a fractional impedance bandwidth of 164% and a band ratio of 10.13:1 where the electrical dimension is 0.24 λ × 0.33 λ at 2.4 GHz lower frequency. Composite material-based miniaturized split-ring patch antenna has been proposed by Ullah et al. [16] . The assessment of specific absorption rate reduction in human head has been performed using the metamaterial proposed by Faruque et al. [17] .
In this study, a microstrip line-fed monopole antenna attains a compact SWB profile (also covering UWB) physically belonging to nearly omnidirectional radiation characteristics and gains reasonable current distribution, and time domain performance is presented where the electrical dimension is 0.17 λ × 0.20 λ at 1.30 GHz lower frequency. The proposed SWB antenna is made of a heartshaped patch and a partial ground plane containing an L-type strip generating a VSWR ≤ 2 impedance bandwidth of 30.77:1 with a BDR of 5544.65. The antenna formation is smooth, with simple design and comfortable fabrication. The epoxy matrix-reinforced woven-glass material is a popular and versatile high-pressure thermoset plastic laminate grade with a low dissipation factor; it is the most commonly used electrical insulator that possesses a good mechanical strength and a nearly zero water-absorption coefficient. It is observed that the radiating patch of the proposed design has a strong coupling with the ground plane, and the antenna, designed on polymer-resin composite material, is capable of supporting multiple resonance modes. That is why we have already preferred this material. This proposed antenna has been discussed in details with its calculated and measured results, and parametric studies are also studied. Figure 1 shows the proposed SWB antenna geometry with top and back view. This proposed antenna is made of a heart-shaped patch on the upper part of the substrate, a partial ground with an L-shape strip on the lower part of the substrate. This antenna is fabricated on epoxy-resinreinforced woven-glass material with a dielectric constant of 4.6, a loss tangent of 0.02, and a thickness of 1.6 mm. The ground plane with L-strip is used to tune the impedance matching network. The lower width (L 2 ) and the upper width (L 1 ) of the feed line are 3 and 1.1 mm, respectively, corresponding to impedance approaches up to 50 Ω. The partial ground and the heart-shaped patch containing a gap and an L-type slit on ground also play important roles to attain wide impedance bandwidth. Figure 2 , it is observed that the L-type slit on the upper left portion of the ground plane plays an important role to create resonances and to achieve super frequency bands. J surf (A_per_m) This L-type slit has a major effect on all the frequencies. Besides, it can clearly be seen from Figure 2 that the microstrip feeding is a dominant figure, and the heart-shaped patch also plays a role in the flow current sharply. The direction of the current flow through the L-type slit is upward at frequencies 4 and 18 GHz and both upward and downward at 8, 12, and 20 GHz, respectively. As a result, SWB frequency is generated.
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Parametric analysis to patch and ground-related parameters
To provide antenna researchers, the parametric study is analyzed with more specific design properties. Electrical and geometrical parameters affect the performance of the antenna. In the simulation, all the parameters are kept constant without the desired parameter. All the simulations have been performed with the help of the 3-D electromagnetic simulator HFSS for parametric analysis. The effects of varying feed shapes of the proposed SWB antenna are illustrated in Figure 3A . When we apply triangular feed with rectangular partial ground plane, it can be found that resonance starts from 1 GHz and there is an impedance mismatch at 6.8 GHz. When the rectangular feed line is used with the rectangular partial ground plane, lower frequency is shifted; on the other hand, over the operating frequency bands, the bandwidth is entirely affected. When a tapered feed line is applied with the rectangular partial ground plane, it delivers a well-matched impedance, which is from 1.25 to more than 20 GHz. The rectangular partial ground plane and the heart-shaped patch containing a gap are tuned properly for matching the impedance, and as a result, the working frequency band is increased, as shown in Figure 3B . The feed gap g acts very sensitive in the impedance matching. It can be observed from Figure 3B that lower frequency is shifted if the gap is reduced, and some resonances are found above VSWR line 2. However, g = 0.97 mm is considered as optimum value.
The effects of varying the upper feed width on the heart-shaped patch are shown in Figure 4 . It is found that lower frequency is shifted to lower end by increasing the optimum value; however, by decreasing the optimum value, VSWR is reduced at higher frequencies. Therefore, the optimum value 1.1 mm is considered.
From Figure 5 , four important parameters, such as the number of L-type slit, L-type slit horizontal length, L-type slit vertical length, and L-type slit width, can be observed. It can be seen from Figure 5 that if the L-type slit is not used, lower resonance is shifted and two resonances do not follow VSWR < 2 on the higher frequency. If two L-type slits are applied on the two sides of the partial ground plane, VSWR is reduced over the operating bands. The proposed L-type slit is located on the left side of the ground plane. In the parametric analysis, the horizontal length of the L-type slit is taken as the value of 12, 11, 10, 9, and 8 mm. However, impedance can be tuned properly using 10 mm. Therefore, 10 mm is the optimum value of L-type slit horizontal length, as shown in Figure 5B . In the parametric analysis, the L-type slit vertical length is taken as 23.85, 19.85, 15.85, 13.85, and 8.85 mm. However, impedance can be tuned properly using 23.85 mm. Therefore, 23.85 mm is the optimum value of horizontal length L-type slit vertical length, as shown in Figure 5C . In the parametric analysis, the horizontal length L-type slit width is taken as 0, 0.25, 0.5, 1, and 1.5 mm. However, impedance can be tuned properly using 0.5 mm. Therefore, 0.5 mm is the optimum value of horizontal length L-type slit width, as shown in Figure 5D .
Frequency domain performance
The execution of the reported SWB antenna is optimized using electromagnetic simulator HFSS depending on the finite element method. The fabricated photograph of this reported antenna is indicated in Figure 6 .
The measured results were obtained using the Agilent N5227A (10 MHz-67 GHz) PNA network analyzer. The variations between measured as well as simulated VSWR curves are demonstrated in Figure 7 . The simulated impedance bandwidth covers 1.25 to more than 40 GHz frequency, where the measured impedance bandwidth covers 1.30 to more than 40 GHz frequency.
The measured gain of this reported SWB antenna has been plotted in Figure 8 . It can be observed from Figure 8 that this antenna provides an average peak gain of 4.10 dBi, where the maximum peak gain is 6.06 dBi at 11.45 GHz and the minimum peak gain is 2.20 dBi at 1.30 GHz. From starting, a rising gain is achieved until 6 GHz, then gain decreases and again increases with small fluctuation over the operating frequencies.
The measured normalized radiation pattern of the proposed SWB antenna is illustrated in Figure 9 for (A) 4 GHz, (B) 8 GHz, (C) 12 GHz, and (D) 16 GHz on the both E-plane and H-plane, respectively. Cross polarization is lower than copolarization, which is the characteristic of standard radiation pattern. It is observed that the proposed SWB antenna exhibits better broadside radiation features and considerable front-to-back ratio with low cross polarization, which leads to bidirectional and nearly omnidirectional radiation pattern along both the E-plane and the H-plane.
Time domain performance
We have accomplished a study depending on the CST Microwave Studio of full-wave simulation to realize this reported antenna's time domain performance. Several studies [18] [19] [20] [21] [22] are adopted for the analysis. An input pulse of fourth-order Rayleigh is used, which adopts the following form plotted in Figure 10 12 48
The correlation coefficient between the transmitted signal and the received signal can illustrate the amount of pulse distortion, which is induced through the antenna. The fidelity factor (F) is defined using Equation (1) narrated in [19, 21, 22] :
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where s(t) is the transmitted signal and r(t) is the received signal. For impulse radio in UWB communications, a high degree of correlation has to exist between the transmitted and the received signals to avoid losing the modulated information. However, it is not mandatory for most other telecommunication systems having the fidelity factor. The time domain performance of the proposed fractal UWB antenna is also performed. Three configurations, that is, face-to-face, side-by-side Y direction, and side-by-side X direction orientations, are chosen. From the transmitting to receiving antenna, a narrow pulse was delivered at a distance of 300 mm from the transmitter, and then the received pulse was calculated. Figure 11 illustrates pulse transmission analysis in different orientations of the proposed antenna. The normalization between the transmitted pulse and the received pulse has been performed by their maximum level. This graph points out the negligible pulse distortion with respect to the peak value of 1. The fidelity factor is 0.84 for the face-to-face, 0.88 for side-by-side Y direction, and 0.71 for side-by-side X direction configurations, respectively. As a result, this proposed antenna supports less narrow pulse distortion for operation. The group delay has been measured with the two identically designed antennas located face to face at a distance of 0.5 m apart, which delivers an indication of the time delay of a signal at different frequencies. It can be realized from Figure 12 that the proposed SWB antenna has been attained a stable group delay over the operating frequency bands. The small variation in group delay ensures that the reported SWB antenna has good linear transmission function properties.
The measured phase variation of the input impedance has been illustrated in Figure 13 . It can be found from the Figure 13 that the phase variation of the proposed SWB antenna is linear across the entire operating frequency bands. All the frequency components of the signal have where λ is the wavelength of the working frequency at the lower end. Here, a larger BDR would announce that the design antenna is wider in bandwidth and smaller in dimension. In Equation (3), the relative permittivity of the antenna substrate is not taken into account. Two conditions such as printed type (planar) antenna and small differences in the substrate's relative permittivity for the validity in comparison with the tightness among wideband antennas using the BDR can be authentic. To confirm reasonable difference between this reported antenna and the antennas mentioned on several studies [2, [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] , their performances are listed in Table 1 , such as ratio bandwidth, BDR, electrical dimension, and 10-dB bandwidth.
Conclusion
A microstrip line-fed monopole antenna has been presented for SWB applications printed on epoxy-resinreinforced woven-glass material. A parametric analysis with electromagnetic simulator and a design evolution have been performed. A tapered feed line with a heartshaped patch and a rectangular partial ground has been used for enhancing the working bandwidth. The ground plane and the patch containing a gap and an L-type slit are also considered to attain the wide bandwidth. The proposed SWB antenna is fabricated on low dielectric FR4 material with the overall dimension of 0.17 λ × 0.20 λ at 1.30 GHz lower frequency. The measurement results exhibit that the reported antenna acquires SWB covering from 1.30 to more than 20 GHz (187.41%). BDR is used for the accuracy of the compactness of this reported SWB antenna (BDR = 5544.65). The nearly omnidirectional the identical delay, which has been confirmed with this linear variation, including frequency in the phase, which leads to the same pulse distortion.
BDR comparison
With a view to authorizing the compactness of SWB antenna, the most formal method is to make comparison in their respective electrical dimension against the other antenna. However, each published SWB/UWB antenna is unique in the open literature, and their measured bandwidth would not be accurately the same along the 10-dB return loss and would not indicate that their originating frequencies (low-end frequency) are most probably improper. Unlike the UWB antenna that conducts a standard operating bandwidth that originates at 3.1 GHz, so that most of the authors can mention this frequency as the corresponding electrical dimension of their UWB antenna, the SWB antenna does not receive such an operating band standard. However, to provide an equitable comparison between two wideband antennas (particularly SWB and UWB antenna), the authors [5] have defined a new index term that will allow antenna engineers to identify if their planar antenna design (compared against the other design) is very much compact in size and wide in bandwidth. To ascertain both the wideband and the compactness characteristics of a planar antenna, an antenna index term called BDR has been initiated. This index term will indicate how much operating bandwidth (in percentage) can be provided per electrical area unit. This equation can be written as follows: 
